Examination of minute pirate bugs, Orius spp. (Hemiptera: Heteroptera: Anthocoridae), from a broad geographic range in the western United States prompted a reappraisal of the taxonomic composition of the fauna native to the western United States and Canada. Current syntheses and catalogs list three species of Orius native to this region. In a previous study, we showed how geographic variation in external traits of one of these species, Orius diespeter Herring, 1966, had led to mistakes in identification of species within this complex. More extensive collecting efforts have now led to the discovery of specimens having traits not fully consistent with descriptions of any described species. We provisionally categorized these unresolved specimens into one of eight phenotypic groups based upon combinations of body size, visual appearance of genitalia, association with specific plant taxa, and geographic source. Genitalia from 382 specimens were then measured to determine whether phenotypic groupings were confirmed by statistical analysis of genitalic morphology. Principal components analysis showed that size and shape of the male's paramere differed among phenotypes. The paramere of unresolved specimens often diverged from the paramere of described species. Length of the female's copulatory tube differed between several of the unresolved phenotypes and described species. Analysis of DNA sequences showed that five of the eight phenotypes diverged genetically from other phenotypes and from described species. DNA sequence data did not separate two described species (Orius tristicolor (White, 1879) and Orius harpocrates Herring, 1966) , suggesting that these two species are a single species. The combined morphological and genetic evidence indicates that the Orius fauna of the western United States is composed of a mix of two described species and possibly five undescribed cryptic species. We summarize the known distributions of described and cryptic undescribed species, and discuss the implications of our work for the biological control community.
difficult to separate them, and mistakes in identification are not uncommon (e.g., Shapiro and Ferkovich 2009 , Lewis and Lattin 2010 .
The two senior authors of this paper recently conducted an extensive reevaluation of the morphology and geographic distribution of a North American species of minute pirate bug, Orius diespeter Herring, 1966 (Lewis and . Several hundred specimens of Orius from throughout North America were examined in that study, and it became clear from those specimens that the Orius complex in western North America includes insects whose external traits and genitalic morphology are not fully consistent with descriptions of O. diespeter or other described species. The discrepancies between literature descriptions and specimens were often quite subtle, and a number of specimens whose external appearance identified them as either O. diespeter or a common western species, Orius tristicolor (White, 1879) , were found upon examination of male or female genitalia to depart from descriptions of genitalia available in earlier publications.
These observations prompted us to conduct a quantitative examination of genitalic morphology for the Orius fauna native to western North America. We examined Orius collected from throughout the western half of the United States, with more limited collecting of specimens from the southcentral and southeastern part of the country. Specimens that could not readily be identified as described species by descriptions and illustrations in the literature (White 1879; Kelton 1963 Kelton , 1978 Herring 1966; Lewis and Horton 2010) were assigned provisionally to one of eight phenotypic groups. These groups were delineated by a combination of body size, visual appearance of genitalia, plant source, and geographic source. We then measured genitalia of a subset of identified and unresolved specimens, and examined whether size and shape of genitalia differed among phenotypes or between unresolved phenotypes and described species. Lastly, we determined whether phenotypic groupings were consistent with differences among groups in DNA sequences. Variation in morphology of genitalia accompanied by clear differences in DNA sequences would be evidence for the existence of a cryptic species complex within the North American fauna of Orius.
Genitalia of Orius
An important structure for identifying species of Orius is the left paramere of the male, which has been used in taxonomic treatments of Orius beginning with the work of Ribaut (1923) . As in other Anthocoridae, the right paramere has been lost, while the left functions as a copulatory organ (Carayon 1972 , Péricart 1972 . The sclerotized organ is situated in a small recessed area on the dorsal part of the male's ninth abdominal segment (Fig. 1A) . During mating, the male extends his abdomen beneath the female, and rotates the paramere until the flagellum and associated, membranous endosoma can be inserted into the female's genitalia. The paramere is a complex, three-dimensional structure, accompanied on its dorsal surface by an apically tapered cone and flagellum (Fig. 1A) . The cone and flagellum often differ in appearance among species, and the two structures are used extensively in taxonomic treatments of Orius. In some especially difficult complexes, species cannot be identified without examination of parameres (Ghauri 1972 , Péricart 1972 , Yasunaga 1997 .
Less often, morphology of the female's genitalia is used to identify species of Orius (Péricart 1972 , Yasunaga 1997 , Postle et al. 2001 . A specialized structure (copulatory tube; Carayon 1953 ) of female Orius acts to receive the genitalia of the male and to channel the male's intromittent organ to the sperm storage organ located at the terminal end of her copulatory tube ( Fig. 1B and C). The structure opens on the ventral surface of the female within the membrane between abdominal segments VII and VIII, typically offset from the midline of the insect. The copulatory tube varies extensively among species in length, width, and curvature, and can be used to identify difficult species in the absence of male specimens (Péricart 1972 , Yasunaga 1997 , Hern andez and Stonedahl 1999 , Bu and Zheng 2001 , Shapiro et al. 2010 .
Taxonomic History of the Western North American Fauna
The Orius fauna of the western United States and Canada includes three species native to North America (Henry 1988 , Maw et al. 2000 1 : Orius tristicolor (White, 1879) , Orius diespeter Herring, 1966, and Orius harpocrates Herring, 1966 . Orius tristicolor is the widespread and familiar bicolored species ( Fig. 2A ) seen throughout the western United States and northwards into western Canada (Fig. 3A ). Its range southwards extends through Central and South America as far south as Argentina (Carpintero 2002 ). The species was described by F. Buchanan White in 1879 (as a species of Triphleps Fieber, 1860) from two specimens collected in California. The source location in California is unknown. Location of the type specimens is also unknown (Herring 1966 ). White's description of Triphleps tristicolor was based entirely on external traits, including size, color, pronotal shape, and punctation. Triphleps Fieber, 1860 was later synonymized with Orius Wolff, 1811 (Schumacher 1922) . Catalog listings and taxonomic treatments have suggested that O. tristicolor occurs throughout western North America, northwards into Alaska and the northwestern Canadian provinces, and eastwards into the New England states and eastern Canada (Kelton 1963 (Kelton , 1978 Herring 1966; Henry 1988; Maw et al. 2000) . However, our examination of specimens during the last decade suggests that the geographic range of O. tristicolor in North America is substantially more limited than this, due to widespread misidentifications of specimens ( Fig. 3A ; see the discussion of O. diespeter below).
The taxonomic status of O. tristicolor was uncertain throughout the late 1800s and first half of the 1900s, due to questions about whether White had described a valid species or whether the species was merely a color variant of the common eastern minute pirate bug, Orius insidiosus (Say, 1832). Indeed, many early 1900s citations actually refer to O. tristicolor as a color variant of O. insidiosus (Parshley 1920 (Parshley , 1922 (Parshley , 1923 Blatchley 1926; Torre-Bueno 1930) . Kelton (1963) examined the paramere of both species, providing the first illustration of this organ for both taxa, and concluded that O. tristicolor and O. insidiosus were indeed valid species (Fig. 4A ). The paramere of O. tristicolor has a long, sweeping, and slender flagellum, in contrast to the much stouter and shorter flagellum of the paramere of O. insidiosus (Fig. 4A) .
Orius diespeter and O. harpocrates were both described by J. L. Herring in 1966. The description of O. diespeter was based upon one male and one female specimen collected in the 1930s from western British Columbia, Canada. Orius harpocrates was described from a single male specimen collected near San Francisco in 1935. According to Herring (1966) , O. harpocrates is larger than both O. tristicolor and O. diespeter, and (unlike O. tristicolor) is a deep chestnut brown color ( Fig. 2B ). We have seen but one literature reference to O. harpocrates since Herring's description in 1966 (a listing of the species from an island off of the coast of California; Miller and Davis 1985) ; however, we readily collect O. harpocrates from flowering herbaceous plants at the type location (T.M.L. and D.R.H., unpublished data). Herring (1966) separated O. diespeter from O. harpocrates by size and pubescence, although we find that body size is variable enough to overlap between the two species (T.M.L., unpublished data). Orius diespeter was distinguished from O. tristicolor by its dark brown color ( Fig. 2C ). Herring (1966) included illustrations of the paramere of O. tristicolor and O. harpocrates ( Fig. 4B ). Herring's illustration of the O. tristicolor paramere is similar to that in Kelton (1963) . The paramere of O. harpocrates is similar in shape to that of O. tristicolor (Fig. 4B ). Herring's illustration of the O. diespeter paramere was incorrect (see next paragraph), so it is not reproduced here. Kelton (1978) reexamined the type specimen of O. diespeter, and found that the paramere used by Herring (1966) as the source of his illustration had a damaged flagellum. Kelton provided a new illustration of the O. diespeter paramere from specimens collected at the type locality in British Columbia, and showed that the paramere of O. diespeter has a slender, long flagellum similar to that of the O. tristicolor paramere ( Fig. 4C ). Kelton (1978) updated the geographic distribution of O. diespeter to include Alberta, Canada, and Scudder (1997) recorded O. diespeter from Yukon, Canada. Lewis and Horton (2010) showed that O. diespeter is considerably more variable in color than indicated by Herring (1966) or Kelton (1978) , and that specimens of O. diespeter often have a bicolored appearance ( Fig. 2D ) rather than the dark coloration described by Herring (1966) . Bicolored specimens are similar in external appearance to O. tristicolor, and examination of genitalia is often required to separate the two species . In both species, the flagellum is arc-shaped, but the flagellum of the O. diespeter paramere is shorter than that of the O. tristicolor paramere, and completes a lesser portion of a semicircle than shown by the O. tristicolor flagellum ( Fig. 4D , panels 1-2). Length of the flagellum can easily be compared between species by locating the tip of the structure in relationship to an imaginary horizontal line extending from the base of the flagellum through the apex of the paramere cone (this imaginary line shown as a dotted line in 1 A very common species in eastern North America, Orius insidiosus (Say, 1832), has been collected in some geographic locations west of the Great Plains (Knowlton 1949 , Herring 1966 , Gillespie and Quiring 2006 . Some records in western North America may be due to introductions, as this species is sold commercially for use in biological control programs. Genitalic morphology of this species is so different from other western species (Herring 1966 , Kelton 1978 ) and from our unresolved phenotypes, that we have not included O. insidiosus as part of this synthesis. A Holarctic species not included in North American faunal lists, Orius sibiricus Wagner, 1952 , is also excluded from the present study. This species was previously known only from the Palearctic Region but was recently found to occur in Yukon, Canada (Lewis et al. 2015) . While O. sibiricus is quite similar in color to the melanic form of O. diespeter, and has been misidentified as O. diespeter (Lewis et al. 2015) , it differs from O. diespeter in sculpture of the dorsum, shape of the pronotum, and shape of the paramere. Lewis and Horton (2010) also provided photographs of the copulatory tube of O. diespeter and O. tristicolor ( Fig. 4D, panel 3) . The copulatory tube of both species is composed of three parts (Figs. 1B and 4D): a thickened, relatively rigid section that begins at the tube's opening and extends most of the way to the sperm pouch; a small, relatively indistinct collar at the distal end of the sclerotized basal section; and a short membranous section that enters the sperm pouch. The copulatory tube of O. diespeter is shorter and is positioned nearer the insect's midline than the copulatory tube of O. tristicolor (see the vertical lines in Fig. 4D, panel 3 ). Finally, Lewis and Horton (2010) updated the distribution of O. diespeter well beyond the limited range indicated by Herring (1966) , Kelton (1978) , and Scudder (1997) to include Alaska, most of the northern states of the continental United States, and western, southcentral, and southeastern Canada (Fig. 3B ). They also suggested that the records of O. tristicolor from eastern North America made in the early-to mid-1900s (Parshley 1920 , Torre-Bueno 1930 , Kelton 1963 , Herring 1966 ) actually were of nonmelanic O. diespeter, and that there is no conclusive evidence that O. tristicolor occurs in eastern North America (Fig. 3A ). As far as we have been able to determine, records of O. tristicolor from Alaska and northwestern Canada are also in error, and again are misidentifications of O. diespeter (T.M.L., unpublished data). Our studies suggest that the northern range of O. tristicolor in western North America may not extend much beyond central British Columbia (Fig. 3A ).
Characteristics of Unidentified Specimens
Specimens of Orius were collected from multiple sites primarily west of the Great Plains ( Fig. 5) . A few locations from outside of this targeted region were also sampled, prompted by our discovery in Texas and Florida of specimens having genitalia superficially similar in appearance to genitalia of O. diespeter, but occurring well outside of the geographic range of O. diespeter (Fig. 3B ). The majority of specimens were collected as adults from the field over the previous $15 yrs by T.M.L. and D.R.H. A few specimens were collected as nymphs and reared to adulthood in the laboratory on a diet of Ephestia (Lepidoptera) eggs. Insects were collected using sweep nets or by aspirating specimens from beating sheets. Plant source of specimens was recorded. None of the specimens had traits that would identify them as species known only from Mexico, Central America, or South America (Champion 1900 , Herring 1966 . Our full sample numbers over 3,000 specimens, now mounted on points and housed at the USDA-ARS, Yakima Agricultural Research Laboratory, Wapato, WA.
A subset of 194 male and 188 female specimens were selected from the full sample for measurement of genitalia. Specimens were selected to include the three described species collected from multiple geographic regions, and specimens whose external traits, visual appearance of genitalia, geographic source, or plant source raised questions of identification (see following paragraph). From the full sample, we first identified specimens of O. tristicolor and O. harpocrates using descriptions and illustrations in White (1879), Kelton (1963 Kelton ( , 1978 , and Herring (1966) . Specimens of O. harpocrates (N ¼ 10) were identified using external color and geography, while specimens of O. tristicolor (N ¼ 158) were identified by external traits in combination with size and shape of the paramere. All 168 specimens were subsequently used in the statistical analyses of genitalia (described in following sections). The remaining specimens had genitalia noticeably different from the genitalia of O. tristicolor and O. harpocrates. From this pool of specimens, O. diespeter (N ¼ 47) was identified by external traits, genitalia, and geography , leaving a mix of specimens (N ¼ 167) whose identifications could not readily be resolved.
The 167 unresolved specimens were provisionally assigned to one of eight groups (hereafter, "phenotypes") based upon geography, body size, plant source, and visual appearance of genitalia ( Fig.  6 ). Specimens that were collected from geographic regions well outside of the geographic range of O. diespeter (Fig. 3B ) fell into one of three mutually separate regions, designated here as TX, FL, or S.W. (Fig. 6A ). Second, a number of unresolved specimens were of obvious smaller body size than O. diespeter. Stinging nettle (Urtica dioica; Urticaceae) and sagebrush/rabbitbrush (Artemisia, Ericamaria, or Chrysothamnus: Asteraceae) were almost invariably the sources of these atypically small specimens, and were only rarely sources of O. diespeter. We assigned these small-bodied and plantspecific specimens to two phenotypes, designated as Nettle and Sage (Fig. 6B ). Both phenotypes occur within the geographic range of O. diespeter. Finally, a number of unresolved specimens had genitalia that were noticeably different in appearance from the genitalia of O. diespeter. Three phenotypes were identified, designated here as HookS, HookL, and CO ( Fig. 6C ). All three of these genitalic phenotypes overlap geographically with O. diespeter.
Statistical Comparison of Parameres
Methods for preparing a paramere for measurement are described elsewhere . As in that earlier study, the male genitalia were not placed in potassium hydroxide (KOH) during preparation of the slide mount, as we found that KOH alters the orientation of the flagellum and leads to errors in measurement. Each paramere was photographed at 200Â with a digital camera (Spot Insight, Diagnostic Instruments, Sterling Heights, MI) attached to a compound microscope (Leica DMLS, Bannockburn, IL). Five measurements were obtained from each photograph by use of digitizing software ( Principal components analysis (PCA) was used to examine whether the five paramere measurements led to separation of specimens in agreement with species' identification or with phenotypic grouping (Fig. 6 ). The analyses were done using PROC PRINCOMP (SAS Institute 2012). We first analyzed all 194 specimens to look for (Fig. 8 ). The first two axes explained 97.3% of the variation in measurements. All loadings along the first principal component were positive (Table 1) , suggesting that axis 1 is a measure of overall paramere size. The paramere of O. diespeter was smallest, of intermediate size for O. tristicolor, and was largest for O. harpocrates, which agrees with visual assessment ( Fig. 8: photographs) . Axis 2 scores were positively correlated with size of gap between flagellum tip and paramere cone (Table 1) . Thus, for a given paramere size (axis 1), a specimen with a large negative score on axis 2 had a paramere with a small distance between flagellum tip and cone. The second principal component is useful for separating phenotypes of unresolved specimens, as shown in the following paragraphs. Orius tristicolor showed substantial variation among specimens in PCA scores, to the extent that some specimens of O. tristicolor overlapped along the size axis with O. harpocrates (Fig. 8 ).
Our next analysis was limited to parameres of O. diespeter and unresolved specimens (N ¼ 108). Visual examination showed that the paramere of each of the unresolved phenotypes had the general appearance of the O. diespeter paramere, including presence of a thin flagellum that terminated sooner in its arc than what is found for O. tristicolor and O. harpocrates. However, there were visual differences between O. diespeter and several unresolved phenotypes in shape and size of the paramere (Fig. 9 ). The two boxes enclosing each paramere in Fig. 9 visually show differences between the O. diespeter paramere and the same organ for each of the eight unresolved phenotypes. The larger of the two boxes encompasses the entire paramere of O. diespeter (flagellum þ body), while the smaller box within the larger box defines width of the paramere body. With use of this visual tool, it is apparent that the paramere of several of the unresolved phenotypes departed from the O. diespeter paramere in size or shape (Fig. 9) .
Principal components analysis was used to statistically examine variation in size and shape of parameres for O. diespeter and unresolved specimens (Fig. 10 ). The first two axes explained 89% of the variation in measurements. The first axis appears again to be a measure of paramere size, while the second axis again was most highly correlated with gap size (Table 1) . Convex hulls in panels B-E enclose our a priori defined phenotypes. The four smaller panels show the three geographic phenotypes (FL, TX, and S.W.) contrasted with O. diespeter (Fig. 10, panels B and D) ; the two body size or host plant phenotypes (Nettle and Sage) contrasted with O. diespeter (Fig. 10,  panel C) ; and the three genitalic phenotypes (HookL, HookS, and CO) contrasted with O. diespeter (Fig. 10, panel E) .
Mean PC1 scores for each phenotype are shown in panels B-E as colored symbols horizontally along the top axis of each panel, while mean PC2 scores are shown vertically along the right axis. Analysis of variance showed that mean scores along either axis differed among phenotypic groups (PC1: F 8,99 ¼ 71.3, P < 0.0001; PC2: F 8,99 ¼ 12.5, P < 0.0001). A Dunnett's test was used to show statistical separation of the unresolved phenotypes from O. diespeter (shown as asterisks along top axis or right axis in each of the four small panels in Fig. 10 ). Five of the phenotypes had a statistically smaller (Nettle) or larger (TX, S.W. CO, HookL) paramere than the paramere of O. diespeter (Fig. 10 , panels B-E; see asterisks along top axis). We also observed separation of phenotypes along axis 2 ( Fig. 10 ). Axis 2 scores depict variation in distance between the flagellum tip and cone tip for a given paramere size. Three phenotypes (FL, Sage, and HookS) having mean size (PC1) scores similar to the O. diespeter mean had statistically smaller gaps between flagellum and cone tip compared to the mean O. diespeter gap ( Fig. 10B , C, and E; note location of symbols vertically along right axes of panels and accompanying asterisks). The HookL paramere had a small gap in relation to its overall large size (Fig. 10E ).
Statistical Comparison of Copulatory Tubes
The copulatory tube and associated abdominal segment were positioned with the internal abdominal body wall facing up, flattened with a cover slip, and photographed at 200 Â . In all specimens, the copulatory tube was of the same general appearance as the structure of O. diespeter and O. tristicolor (Fig. 4D, panel 3) , and was composed of a somewhat thickened and relatively rigid basal portion, an indistinct collar at the termination of the rigid basal section, and a short membranous section entering the sperm pouch. Length of the tube from its opening at the body wall to its membranous distal end was measured using digitizing software. Sample size was 188 specimens. The copulatory tube showed a threefold difference between its maximum length in specimens of O. tristicolor and O. harpocrates, and its minimum length in specimens of the Nettle phenotype (Fig. 11) . Mean length of the copulatory tube differed among the eight unresolved phenotypes Numbers in parentheses refer to the trait numbers shown in Fig. 7. and O. diespeter ( Fig. 11 ; F 8,97 ¼ 65.6, P < 0.0001; analysis excludes O. tristicolor and O. harpocrates). A Dunnett's test showed that five of the phenotypes had a statistically shorter (Nettle) or longer (TX, S.W. CO, HookL) copulatory tube than the mean length of the O. diespeter copulatory tube ( Fig. 11 ; asterisks).
Molecular Phylogenetic Analysis
A sample of 66 specimens containing examples of each phenotype (Fig. 6) PCR protocols consisted of 1 min at 95 C followed by cycling of 95 C for 15 s, annealing at 50-58 C for 45 s, extension at 72 C for 30 s, with the cycling followed by1 min of 72 C. Annealing was 55 C for CytB, 58 C for EF1-a, and 50 C for COI with forward primer 1718, otherwise 58 C was used for COI (primer sets listed in Supp. Appendix 1 [online only]). PCR product was directly sequenced following a clean-up using ExoSAP-IT (Affymetrix, Santa Clara, CA). Products were sequenced in both directions by MCLAB (South San Francisco, CA) using an ABI 3730XL sequencer. Sequences were aligned and edited in versions 6.2 and 7.12 of Geneious (Kearse et al. 2012) . Consensus sequences were trimmed to 394 bp (CO1), 433 bp (CytB), and 477 bp (EF1-a) for use in the phylogenetic analyses. All sequences have been deposited in GenBank (Supp. Appendix 2 [online only] shows specimen data and GenBank Accession numbers).
A phylogenetic tree incorporating all three genes was created using a Bayesian-Monte Carlo approach implemented in MrBayes3.2 (Ronquist et al. 2012) . Orius insidiosus was assigned as the outgroup. Two program runs each produced 211 trees; 159 trees were sampled from the second run and used to produce a 50% consensus tree (Fig. 12) . Phylogenetic trees were also created using a maximum parsimony approach rather than a Bayesian approach for comparison to the consensus tree in Fig. 12 (Supp. Fig. 1 [online only]). A clear pattern in clustering of phenotypes is evident, with several of our unresolved phenotypes from Fig. 6 departing from described species and from other phenotypes (Fig. 12) . Notably, the S.W., Sage, TX (with FL), and HookL (with HookS) phenotypes are well supported. There is additionally clear separation of O. diespeter from O. tristicolor and O. harpocrates. The Nettle phenotype did not separate from O. diespeter, and together formed a sister group with the Sage phenotype. The CO phenotype formed a sister group with the S.W. phenotype (Fig. 12 ). There were only modest sequence differences between the TX and FL phenotypes, and between the HookL and HookS phenotypes. These modest differences reflect in part geographic effects in sequence differences within clades: Texas vs. Florida specimens within the TX/FL clade; and California vs. Washington and Colorado specimens within the HookL/HookS clade (Fig. 12 ). No genetic separation was observed between O. harpocrates and O. tristicolor (Fig. 12) . The average distance between pairs of phenotypic groups varied from a low of 21 base pair differences (O. diespeter/Nettle and Sage groups) to substantially larger separation (90 to 111 base pairs) between the outgroup taxon (O. insidiosus) and the remaining taxa ( Table 2) . The CO and S.W. clades were relatively close to one another, with an average of 43 base pair differences ( Table 2 ). The largest separation of clades excluding comparisons involving O. insidiosus was between the TX/ FL clade and the CO clade (Table 2) . Each distinct clade in Fig. 12 is also seen in the four maximum parsimony trees, with minor variation evident among the three trees created from single-gene segments (Supp. Fig. 1 [online only] ).
Reappraisal of the Western U.S. Fauna

Described Species
Morphometric analysis of the paramere and copulatory tube led to complete separation of O. diespeter from O. tristicolor and O. harpocrates ( Figs. 8 and 11 ). The paramere of O. diespeter is noticeably smaller than the paramere of O. tristicolor and O. harpocrates, while the copulatory tube of female O. diespeter is shorter than the same structure for the other two species. The flagellum of the O. diespeter paramere terminates earlier in its arc than the flagellum of either the O. tristicolor or O. harpocrates paramere (Fig. 8) . Morphological separation between O. diespeter and O. tristicolor/ O. harpocrates was accompanied by genetic separation (Fig. 12) . We also showed separation of genitalic morphology between O. tristicolor and O. harpocrates, albeit with overlap between O. harpocrates specimens and specimens of O. tristicolor having a large paramere (Fig. 8) or a long copulatory tube (Fig. 11) . The genitalia of O. tristicolor appeared to be substantially more variable than the genitalia of O. diespeter or O. harpocrates (Figs. 8 and 11) . The copulatory tube of O. tristicolor showed a 1.5-fold difference between its minimum length in specimens from Washington State and its maximum length in a specimen from southern California (Fig. 11) . Whether variation in genitalia of O. tristicolor is somehow associated with geography is not yet known. We have collected specimens from southern California in which the copulatory tube was almost as short as the structure in Washington State specimens. DNA sequence data did not provide any evidence that O. tristicolor from northern latitudes differed genetically from southern specimens ( Fig. 12) .
Of interest is our observation that the differences between O. tristicolor and O. harpocrates in size or shape of the paramere and copulatory tube were not accompanied by genetic divergence between these two species. Specimens of Orius having typical O. harpocrates traits (dark coloration [ Fig. 2B] and large paramere or long copulatory tube), collected from the type location near San Francisco, did not diverge genetically from O. tristicolor collected from any of several geographic locations (Fig. 12) . Orius harpocrates is readily collected from herbaceous and shrubby plants at multiple locations surrounding the Bay Area, and these darkcolored specimens co-occur at these locations with bicolored specimens identified as O. tristicolor. Orius harpocrates is reproductively compatible with O. tristicolor collected from regions of sympatry or allopatry (T.M.L. and D.R.H., unpublished data). We believe that O. harpocrates is merely a color morphotype of O. tristicolor, albeit generally with larger genitalia (Figs. 8 and 11) than O. tristicolor.
Unresolved Specimens
Statistical analyses of genitalic morphology led to sorting of specimens into defined clusters, albeit often with overlap along one or both PCA axes (Fig. 10) or with overlap in length of the copulatory tube (Fig. 11) . Gene trees often supported our groupings (Fig. 12) , although there were exceptions.
Nettle phenotype
Genitalia of the Nettle phenotype were much smaller than genitalia of O. diespeter (Figs. 10 and 11 ). Nettle specimens did not diverge genetically from O. diespeter (Fig. 12) . We have collected the Nettle phenotype from Washington, Oregon, and Idaho (Fig. 13) , always in association with stinging nettle, Urtica dioica (Urticaceae). Specimens have a smaller overall body size than specimens of O. diespeter. The smaller size of genitalia appears not to be caused by feeding on nettle or on nettle-associated arthropods, as rearing of the Nettle phenotype in the laboratory on a diet of Ephestia (Lepidoptera) eggs did not lead to the production of specimens having genitalia that were larger than genitalia of field-collected insects (T.M.L. and D.R.H., unpublished data). The Nettle phenotype is partially compatible reproductively with O. diespeter (T.M.L. and D.R.H., unpublished data). Geographic distribution of the Nettle phenotype overlaps distribution of O. diespeter (Figs. 3B and 13) .
Sage phenotype
Specimens of the Sage phenotype are smaller in body size than O. diespeter. Genitalia are very similar in appearance to the genitalia of O. diespeter (Figs. 9--11) . However, the Sage phenotype showed modest (2%) but consistent genetic differences from O. diespeter (Fig. 12) . We have collected specimens of the Sage phenotype on sagebrush, Artemisia spp., and rabbitbrush, Ericameria/ Chrysothamnus spp. (all Asteraceae), from sites in the northwestern United States southwards into Colorado (Fig. 13) . Orius diespeter is rarely collected from these plant taxa. Geographic range of the Sage phenotype overlaps extensively with geographic range of O. diespeter.
FL and TX phenotypes
Genitalia showed either complete (male) or partial (female) morphometric separation between these two phenotypes ( Figs. 10 and 11) . DNA sequences grouped the two phenotypes together in the same clade (Fig. 12 ). Both phenotypes diverged from O. diespeter in morphology of genitalia and in DNA sequences . Both phenotypes also separated genetically from all other unresolved specimens (Fig. 12) . The FL and TX phenotypes have hemelytral markings very similar to markings of O. tristicolor, and both phenotypes can be confused with this species. Indeed, we suspect that old records for O. tristicolor in Florida (Barber 1914) are actually for specimens of the FL phenotype. We have collected the TX phenotype from southern Texas, northwards into Oklahoma and Nebraska (Fig. 13) ; of these sites, only Nebraska may be within the geographic range of O. diespeter. Our FL specimens were collected from two locations in Florida (Fig. 13) , both well outside of the known range of O. diespeter. Plant records for FL and TX specimens included weedy Asteraceae, weedy Brassicaceae, cotton, and potatoes. Insects of the TX phenotype are reproductively compatible with insects of the FL phenotype (T.M.L., unpublished data).
HookS and HookL phenotypes
Specimens of these two phenotypes have quite distinctive genitalia not observed in any of the described species or in any of the other unresolved phenotypes. The two phenotypes also diverged genetically from described species and from all other unresolved phenotypes (Fig. 12) . The flagellum of the male's paramere exhibits a noticeable flare at its tip ( Fig. 9 ), while the copulatory tube of females is enlarged near its base, which is not found in described species or in any of the unresolved phenotypes. While the genitalia of HookS specimens were noticeably smaller than genitalia of the HookL specimens, the two phenotypes were genetically similar ( Fig. 12 ). We collected HookL specimens from Asteraceae, Polygonaceae, and Brassicaceae in arid rangelands of Washington, southern California, and eastern Nevada (Fig. 13 ), sometimes together with O. tristicolor. The genetically similar HookS was collected from sites in western Colorado (Fig. 13) , generally from shrubby Chenopodiaceae (Atriplex and Sarcobatus). We have not collected HookL specimens from Colorado, and it is unclear whether the HookL and HookS phenotypes overlap geographically.
We have yet to determine whether the two phenotypes are reproductively compatible.
S.W. phenotype
Specimens of this phenotype have a larger paramere (especially in length of the flagellum) than that of O. diespeter, and a longer copulatory tube than the copulatory tube of O. diespeter (Figs. 10 and  11) . The S.W. phenotype separates genetically from described species and other phenotypes (Fig. 12 ). We collected this phenotype from a variety of shrubby and herbaceous plant taxa in southern California eastwards into Nevada and Arizona (Fig. 13) , well outside of the known range of O. diespeter. The phenotype was collected together with O. tristicolor at multiple locations in southern California, and may actually be more common in some of these locations than O. tristicolor.
CO phenotype
We collected this phenotype only in Colorado (Fig. 13) . Specimens were collected from shrubby and herbaceous plant taxa (Cercocarpus [Rosaceae]; Cirsium [Asteraceae]; Pericome caudata [Asteraceae]) over a range of altitudes between 1,500 and 3,500 m. The CO phenotype has a larger paramere and longer copulatory tube than O. diespeter (Figs. 10 and 11) , and with the S.W. phenotype diverges genetically from described species and from other phenotypes (Fig. 12) .
A Cryptic Species Complex
Historical summaries in catalogs or other syntheses lead to the conclusion that the Orius fauna native to the western United States is composed of one widespread species, O. tristicolor, plus two less common species, O. harpocrates and O. diespeter, which are limited in range to the region around the Bay Area, California, and a few localized areas in western and northwestern Canada (Herring 1966 , Kelton 1978 , Henry 1988 , Scudder 1997 , Maw et al. 2000 . This conclusion appears often to lead to an automatic assumption in the biological control literature that composition of the Orius fauna in natural or managed systems of western North America comprises but a single species, O. tristicolor. Only recently has information begun to accumulate to contradict that impression . Historical failure to appreciate that O. diespeter is highly variable in color led to substantial underestimation of the geographic and ecological range of this species, and to overestimation of the range of O. tristicolor . The morphological and molecular results of the current study now suggest that the native Orius fauna of the western and southcentral United States is actually a complex of two described species (we are assuming that O. harpocrates is merely a color variant of O. tristicolor) and perhaps five undescribed cryptic species (Sage, CO, S.W., TX/FL, and HookL/HookS). Previous work from our laboratory showed that a second genus of Anthocoridae in North American includes hidden species complexes. Anthocoris antevolens White, 1879 is a common source of biological control in fruit orchards of western North America (Anderson 1962 , Kelton 1978 . We now know that this species is actually part of a cryptic species complex whose members are externally similar to one another Horton et al. 2007 Horton et al. , 2008 . Insects identified as A. antevolens include specimens which depart from other specimens of A. antevolens in morphology of genitalia, DNA sequences, and host plant specificity, much as we have shown here for the Orius complex. Crosses between nonlike phenotypes of A. antevolens often fail to produce offspring. The lack of successful reproduction occurs even between geographically sympatric pairs of nonlike phenotypes . We concluded that A. antevolens is actually a cryptic species complex (Horton et al. 2007 (Horton et al. , 2008 .
In the present study, we show that specimens of North American Orius often differed in morphological, genetic, and behavioral (plant specificity) traits. While we have yet to conduct all of the mating crosses needed to confirm reproductive isolation among unresolved phenotypes, it seems likely that the North American fauna of Orius (like certain Anthocoris) is indeed a complex of reproductively isolated cryptic species. Support for this statement includes the obvious departure of some groupings of specimens from other groups in genitalic morphology (e.g., the existence of a "flare" at the tip of the flagellum for the HookL and HookS specimens; Fig. 9 ) and the significant divergence in DNA sequences among several of our a priori defined groups (Fig. 12 ). We anticipate that mating trials will prove that several of the phenotypes listed in Fig. 6 are reproductively isolated from other phenotypes as well as from described species.
The discovery that the western fauna of Orius likely is a cryptic species complex has several implications for the biological control community. First, our unresolved specimens had the bicolored external appearance that could (without thorough examination) easily lead to identification as O. tristicolor or as the nonmelanic form of O. diespeter. This observation suggests that mistakes of identification in the biological control literature might be relatively common, although the frequency of these mistakes would presumably depend upon how regularly these undescribed species actually occur in crop systems. While our samples included only a limited number of specimens collected from agricultural fields, those samples did include two phenotypes listed in Fig. 6 : TX (potato and cotton) and S.W. (cotton). We believe that misidentification of O. diespeter as O. tristicolor has led to a historical lack of appreciation of the importance of O. diespeter in agriculture . Our collecting records for O. diespeter now include a number of agricultural crops, including corn, sugarbeets, eggplant, potatoes, pears, and alfalfa (Lewis and Horton 2010; T.M.L., unpublished data). Indeed, a 2013 collection of several hundred specimens of Orius from multiple alfalfa fields in eastern Montana was found to be composed entirely of O. diespeter (T.M.L. and D.R.H., unpublished data). Whether errors in identifications have occurred in crop systems for any of the specimen groupings in Fig. 6 is unknown.
Second, we are not yet sure of the geographic range of most of these phenotypes. For example, we assume that our southern U.S. phenotypes (TX, S.W., and HookL) extend southwards from our collecting regions into crop and noncrop habitats in Mexico. The extent of that range southwards has yet to be determined. We are equally uncertain whether the geographic distribution of central U.S. phenotypes such as TX or CO extends eastwards from our collection sites to include portions of the crop growing regions within or east of the Great Plains. Examination of specimens from regions east of our area of focus is needed to better define the eastern limits of described species and unresolved phenotypes. Finally, it is not clear whether the TX and FL phenotypes overlap geographically across the Gulf Coast States (Fig. 13 ), as we have not yet examined specimens of Orius from these states.
A third issue concerns the use of Orius in classical biological control programs. Specimens of Orius from the western United States have been used in classical biological control efforts, involving releases of specimens identified as O. tristicolor into Florida (Frank and McCoy 1994) and into Hawaii on multiple occasions Krauss 1963, 1965; Culliney and Nagamine 2000) . Whether these releases included species other than O. tristicolor is unknown. Releases made in Hawaii included insects collected from multiple geographic regions (California and multiple locations in Arizona); thus, the releases could have included one or more of the phenotypes or species that inhabit the southwestern United States. Orius tristicolor is established in Hawaii (Lattin 2007 ; confirmed by examination of genitalia [T.M.L., unpublished data]), but because we do not know what species actually were released in the release programs, it is unclear whether establishment of O. tristicolor in Hawaii was from these planned releases or through accidental introduction.
Lastly, our results complicate understanding the role of Orius as sources of biological control in western U.S. crops, and impede efforts at managing or conserving these insects in crops. For example, the presence of Orius in a crop field and in an adjacent noncrop habitat might be interpreted as evidence that there is movement by these bugs between habitats, especially if we assume erroneously that the Orius fauna in most agricultural regions of the western United States is composed of a single species, O. tristicolor. However, confirmation that cryptic species externally similar to O. tristicolor occur in many regions of the western United States would force us to reevaluate this idea. That is, certain of the phenotypes in Fig. 6 appear to be relatively specialized on a few noncrop plant taxa, including especially the Nettle phenotype (associated with Urtica dioica), the Sage phenotype (Artemisia, Ericameria, and Chrysothamnus), and the HookL/HookS phenotype (weedy Asteraceae and Chenopodiaceae). These insects may be unlikely to move from noncrop habitats into crop habitats. Thus, even large densities of Orius in habitats adjacent to crops may provide little in the way of practical benefit to agriculture if these insects happen to be as specialized as our collecting efforts may indicate. In sum, until we have more complete geographic and biological data for these cryptic species, it will be difficult to optimally incorporate these insects into biological control programs.
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